known. Such linkage analysis with pedigrees was previously performed primarily with single nucleotide polymorphism (SNP) markers using the restriction fragment length polymorphism (RFLP) method. This approach has been successful in identifying genetic defects involved in several mendelian disorders caused by single genes.
In contrast to SNPs, the use of microsatellites in genetic mapping is relatively recent. Short tandem repeat (STR) markers such as microsatellites are superior to SNP markers in being more polymorphic and hence more informative because STR markers typically have more than ten alleles each, whereas SNP markers are usually biallelic. Hence, the use of STR markers offers greater statistical power for the detection of linkage, whether by parametric analysis of large families, or by nonparametric analysis of sib-pairs, for which SNPs are not suitable. Genome-wide scans using microsatellite markers have been used in the search for susceptibility loci for many mendelian diseases as well as for complex disorders such as asthma, schizophrenia, bipolar disorder, and diabetes mellitus (e.g., Collaborative Study on the Genetics of Asthma 1997; Xu et al. 2001; Faraone et al. 1998; DeLisi et al. 2002; Polymeropoulos and Schaffer 1996; Detera-Wadleigh et al. 1999; Ghosh et al. 2000; Mori et al. 2002; Vaessen et al. 2002) . Because there are multiple genes of varying effects involved in complex diseases, these linkage studies require the collection, ascertainment, and genotyping of large number of samples at significant cost and effort. Therefore, it would be useful to maximize the informative nature of the markers used, hence optimizing the effective sample size for genetic linkage.
As the use of microsatellites for linkage mapping becomes more widespread, sets of primers designed for whole genome or chromosome-specific mapping have become commercially available. These primers are typically spaced at regular intervals 10-20 cM apart. They are especially suitable for high-throughput screening, having been optimized for both multiplex polymerase chain reaction (PCR) and fragment analysis. However, the markers are usually selected based on heterozygosity information and recombination frequency for Caucasians and may not be suitable for other ethnic groups. We describe here the genotype data for
Introduction
Positional cloning with DNA markers has been instrumental in the cloning and identification of many genes involved in diseases for which the exact mechanism of disease, the biomolecules involved, and the biochemical defect are not a population of Chinese descent for a genome-wide panel covering 285 markers from the 22 autosomes and demonstrate that they are less polymorphic and informative compared with available data for Caucasian populations. These findings would be useful for future genetic linkage as well as for linkage disequilibrium studies in specific Asian populations.
Subjects and methods

Subjects
Subjects in this study were 208 unrelated individuals from 120 nuclear families. All were second-or third-generation Chinese Singaporeans descended from the Han. The majority originated from the Southern provinces of Fujian and Guangdong of China. Written informed consent was obtained from all subjects.
STR marker panel
The marker set used was the C290 GENPAK Human Microsatellite Set purchased from GENPAK (Brighton, UK). It comprised mostly dinucleotide markers based on the original set developed by Reed et al. (1994) in which markers were selected based on heterozygosity and relative distance. The set had an average heterozygosity of 0.8 (at least 0.70 for 97% of the markers) and an intermarker distance of less than 30 cM (Ͻ4% had an intermarker distance of Ͼ20 cM).
PCR amplification
Ten milliliters of venous blood was collected in ethylenediaminetetraacetate tubes from all subjects. Genomic DNA was extracted using the QIAGEN (Hilden, Germany) blood and tissue kit according to the manufacturer's recommendations. Amplification of each DNA fragment was performed in 96-well or 384-well formats in a total of 10 µl for each pair of primers. The reaction mixture consisted of 1 X AmpliTaq Gold Buffer, 1 unit AmpliTaq Gold (Applied Biosystems, Foster City, USA), 0.2 mM deoxyribonucleoside triphosphates, 1.0-2.5 mM MgCl 2 , 5 pmole of each primer, and 20 ng genomic DNA. PCR conditions were 12 min at 95°C, 30-35 cycles of denaturation at 95°C for 30 s, annealing at between 55°C and 60°C for 30 s, and extension at 72°C for 30 s in either MJ Research PTC-100/200 (MJ Research, Waltham, MA, USA) or GeneAmp 9700 (Applied Biosystems, Foster City, CA, USA) thermal cyclers.
Fragment analysis
For each pair of primers, PCR products were randomly selected from a few samples and checked by agarose gel electrophoresis before being assembled into panels for multiplex analysis according to the fluorescent dye used and the size range. The fluorescent-labeled fragments were electrophoresed through ABI 377 and analyzed using GeneScan Analysis (version 2.1) and Genotyper DNA fragment analysis (version 2.1) software from Applied Biosystems. Some of the electrophoresis was also done on the MegaBACE 1000 (Molecular Dynamics, Sunnyvale, USA) and the results analyzed with Genetic Profiler (Version 1.1). Comparative genotyping of a common set of STRs revealed high correlation between the two systems (data not shown).
Statistical analysis
The relative positions of the markers and genetic distances used were obtained from the publicly available genetic maps at the Genethon (www.genethon.com) and the Marshfield Medical Clinic (www.marshmed.org) web sites. Allelic frequencies for each marker were computed by counting the alleles in unrelated individuals. Heterozygosity of markers and possible error in genotyping or allele calling was checked by comparing the expected against the observed number of heterozygotes using the HardyWeinberg equilibrium test in the LINKAGE UTILITY program (ftp://linkage.rockefeller.edu/software/linkage). The observed polymorphism information content of markers was calculated with SPLINK (David Clayton, Cambridge Institute, http://www-gene.cimr.cam.ac.uk/clayton/ software/), using data from the nuclear families. Marker information for Caucasians and Japanese were obtained from the CEPH database (http://www.cephb.fr) and published data (Ikari et al. 2001; Mizutani et al. 2001) , respectively.
Results
Allelic frequency distribution
PCR for all 285 markers was performed on 208 unrelated individuals. Those with ambiguous genotypes or unsuccessful amplification after three attempts were not included in the analysis. All loci met Hardy-Weinberg equilibrium. The number of alleles ranged from 4 (D1S484 and D11S219) to 20 (D18S21 and D21S167) and 21 (D3S1298).
Intrapopulation variation
Heterozygosity data for all loci in the study population (with available data for Caucasians and Japanese) are summarized in Fig. 1 . The level of heterozygosity ranged from 0.28 (D10S212) to 0.92 (D12S1670), with the average at 0.72 (SD Ϯ 0.1) and a median of 0.74. Seven markers (3.2%) had a heterozygosity of 0.5 or less, and 61 markers (23.8%) had a heterozygosity of at least 0.8.
Most markers (74.1%) had between 8 and 14 alleles. Five markers (1.8%) had 5 alleles or fewer, and 25 markers (8.8%) had 16 or more alleles. The average number of alleles is 10.7 (SD Ϯ 3.13), with the median at 10.
Interpopulation variation
Detailed comparisons with available data for Caucasians and Japanese in terms of heterozygosity and allele number for each of the markers are presented in Table 1 . Figures for all 285 markers for Caucasians were obtained from publicly available data from the CEPH web site (http:// www.cephb.fr). A comparison of the results with the Japanese population was made for a subset of 136 markers for which data were available (Ikari et al. 2001; Mizutani et al. 2001 ).
The difference in the level of heterozygosity among the three populations was also observed. The differences in heterozygosities for all 285 markers between Caucasians and Chinese and for 136 markers between Japanese and Chinese are summarized in Fig. 2 . Most markers were more heterozygous in Caucasians. Heterozygosity for 19.6% of Fig. 1 . Distribution of short tandem repeat marker heterozygosities in Chinese (this study, 285 markers), Japanese (Ikari et al. 2001; Mizutani et al. 2001 the markers differed by more than 15%. The figure for the Chinese-Japanese comparison was smaller at 15.5%. For difference in heterozygosity in excess of 20%, 9.3% of markers differed between Chinese and Caucasians, whereas 3.6% differed between Chinese and Japanese. The observation was consistent with the primer set being assembled based on the heterozygosity data for Caucasians because 90.8% of the markers have a heterozygosity level of at least 0.7 for Caucasians compared with only 63.6% for Chinese and 63.7% for Japanese. Forty-one (14.5%) markers had the same number of alleles for both Caucasians and Chinese, 69 markers (24.4%) differed by only 1 in terms of allele number, and 57 (20.1%) differed by 2. The remaining 116 markers (40%) differed by at least 3. The number of alleles could differ by as many as 11, as in the case of D12S1670 with 27 in Caucasians compared with 16 in Chinese.
Discussion
PCR amplification of hypervariable loci is a useful tool in population genetics for linkage mapping and forensic studies. It is fast to perform, can be multiplexed at both the amplification and the detection steps, and is relatively undemanding in terms of the quantity and quality of genomic DNA needed (Sunnucks 2000) . The large number of alleles for each marker also provides discriminatory power beyond the traditional biallelic markers based on RFLP.
Because the large number of alleles makes them useful for nucleic acid-based identification and construction of genetic relationships, there are optimized sets of primers for paternity testing, individual identification, chromosomespecific scanning, or whole genome scanning. However, the mechanism that gives rise to the higher number of alleles in tandem repeats such as microsatellites also makes them more prone to mutation drift because of slippage during replication or genetic recombination. Hence, the patterns of allele frequency at different microsatellite loci are variable between populations in terms of the number of alleles and the distribution of the alleles within a population. Such variation between ethnic groups means that the discriminatory power of the markers would need to be verified in different populations. One such commercial set of markers designed for whole genome scanning was used on our Chinese population and the data compared with European and Japanese populations. Heterozygosity for most markers in our study population was lower than the available data for Caucasians. Another genome-wide scan in the Chinese population also reported a similar overall average heterozygosity of 0.72 (Luo et al. 2001) . The obvious explanation is that the marker set was chosen based on its discriminatory power for the Caucasian population. A larger number of alleles were found in our population, which could be expected because of our larger sample size of 208 individuals compared with only 38 used for the CEPH data for Caucasians. It has been found that the number of alleles within a population tends to increase with sample size (Nei 1987) .
Despite the higher number of alleles overall, the level of heterozygosity was still lower than that for Caucasians. Computer-simulation studies using our data were conducted to investigate how sample size affects heterozygosity. Using sample sizes from 10 to 200 individuals and similating allele numbers from 2 to 27, the number of individuals genotyped had minimal influence on heterozygosity (data not shown).
Despite the overall lower heterozygosity in this study population, using a subpanel of 192 STR markers with heterozygosities of Ͼ0.7 in the Chinese population would provide coverage of 84% of the human genome at the 20-cM interval on either side of each marker. With the average chromosomal interval for these markers between 15 and 20 cM, this set of markers clearly needs to be expanded to increase coverage of the genome to 100%.
There is less difference between our results and those for the Japanese population. This finding is in agreement with classification based on blood group and other protein markers and genetic markers (Ryman et al. 1983; Constans et al. 1985; Bowcock et al. 1994; Nei and Takezaki 1996; PerezLezaun et al. 1997; Destro-Bisol et al. 2000; Jorde et al. 2000) . Our reported figures for heterozygosity and allele number for the 285 markers will be useful as a reference for future genome-wide screens using Chinese populations.
Microsatellite markers that showed a high allele content difference between populations have been found to be useful in mapping by admixture linkage disequilibrium (MALD). Several markers that showed large differences when Caucasians were compared with Mexican Americans, American Indians, Africans, and African Americans, respectively, have been identified (Smith et al. 2001; CollinsSchramm et al. 2002) . The results of this study will provide information on STR markers that could be developed for a MALD approach for use in studies in which one of the founding populations is Chinese. The use of MALD will facilitate population-based association studies in the identification of causative mutations or polymorphisms and fine mapping of regions found to be positive by linkage studies.
